A simple, reliable, and reproducible fluorometric method for measuring thiobarbituric acid-reactive substances (TBARS) in serum is proposed, based on the reaction between malondialdehyde (MDA) and thiobarbituricacid. Formation of TBARS was complete at pH 2.4-2.6, but extraction with n-butanol proved complete only at lower pH, i.e., 1.6-1.7. Analytical recoveries of MDA added to serum were 94%-lOl%; within-and between-run CVs were 2.4-3.6% and 4.6-5.5%; and the detection limit for TBARS in serum was 0.10 pmol/L. Optimized conditions included: (a) collection of either serum or heparinized plasma, (b) at concentrations of 67.3 and 32.5 mmoIIL, respectively (11).
of existing methods-particularly problems regarding conditions of the reaction, the extraction procedure, and sample storage and preservation.
Our aim in the present study was to critically assess some modifications to the TBA method, primarily to reaction and extraction conditions, on the basis of the recovery of the MDA-TBA adduct. The effects of sampling, sample preservation, and storage on TBARS detennination were also studied. Finally, we applied the optimized procedure to determinations of TBARS concentrations in serum from healthy subjects and from patients with diseases characterized by increased oxidative stress. was set at P <0.05 unless otherwise specified.
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Results and DIscussion Analytical Conditions for MDA-TBA Formationand Extraction
It is well known that formation of the MDA-TBA adduct is affectedby the pH of the reaction mixture.
Bird and Draper (7), who monitored by HPLC the pH dependence for adduct formation, were the first to report that the reaction should be carried out at a pH of 2 to 3 for maximum adduct formation. After verification of this range by fluorometry with aqueous solutions of MBA (data not shown), we adopted a reaction pH between 2.4 and 2.6, which could be obtained by adjusting, for the selected operating conditions, the quantity of glacial acetic acid added to the TBA reagent. Neutral or alkaline pH values were associated with instability of the MDA-TBA adduct, contrary to a more acidic pH (7, 13). However, an excess of strong acid (pH <1) reportedly inhibited adduct formation by alteration of MBA structure and formation of degradation products ( 
7).
More confusing were the data obtained when testing conditions for adduct formation from native MDA, i.e., in human serum or plasma. As indicated in Figure 1 pH from that used for reaction; they proposed extracting the adduct at pH <0.75. We therefore also attempted a systematic examination of this problem, and found that recovery of known amounts of MBA added to serum could be markedly improved by adjusting the pH to 1.6-1.7 after the reaction and before the extraction step. As indicated in Figure 2 , only in these conditions did the calibration graph obtained for MDA added to serum (curve 2) have a slope comparable with the one measured for aqueous solutions of MBA (curve 1). The calibration curve obtained when extracting the adduct at the formation pH of 2.5 had yet another slope (curve 3), which indicated that the recovery was not complete at this pH. Using this modification, we obtained excellent recoveries: Indeed, for MBA from 0.1 to 0.5 nmol added to 50 iL of two samples of human serum, analyticalrecovery was between 94% and 101% (mean 99%), better than that in most previous reports (Table 1) . For example, when we used the Hendriks and Assmann method (11), which is somewhat similar to the present one but with a recommended extraction pH of -2.5, we obtained poorer recoveries (82-87%). acids (13,21, 33,34) ; this step (Figure 4) . In conclusion, we propose some critical modifications to the THA reaction that offer several advantages of specificity, recovery, and reproducibility. This method can be used to screenfor nutritional and environmental factors that are responsible for increased lipid peroxidation in healthy subjects and in pathological cases.
Finally, this method is more practicable and much better adapted to measurements of a large series of samples than are HPLC techniques.
